Abstract-Because fish are key organisms in most aquatic ecosystems, we seek to understand what determines their highly variable reproductive success. From our work, it appears that yearclass strength of Baltic Sea herring (Clupea harengus L.) can be predicted from young-of-the-year densities in a small coastal area (hydroacoustic data), a climate index (the North Atlantic Oscillation), and the spawning stock biomass. These three factors explained 93% of the variation in the number of age 2 herring during [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] . By predicting year-class strength 3 yr before the fish enter the fishery, we provide managers with the opportunity to adjust fishing pressure per upcoming year classes and manage the fishery by multiannual catch quotas.
Overfishing is recognized as one of the most serious human impacts on marine ecosystems (e.g., Pauly et al. 1998; Jackson et al. 2001 ). This failure of management derives, at least in part, from uncertain stock size assessments and a poor understanding of variability in fish recruitment. Furthermore, yearclass strength typically is only assessed on entry into a fishery, clearly too late to manage effort appropriately. The difficulty in understanding and predicting fish recruitment reflects a classical problem in fish biology and fisheries research (e.g., Ricker 1954; Beverton and Holt 1957; Cushing 1996) .
Fish populations typically display large natural variations in abundance. Periods with unusually large populations can persist for decades (Alheit and Hagen 1997; Toresen and Ö stvedt 2001) . For naturally short-lived marine species or intensively fished populations the time between high and low population size can be shorter and even based on a single or a few consecutive strong or weak year classes (e.g., Cushing 1996) . These fluctuations can be self-perpetuating with large stocks of adult fish producing numerous offspring and small stocks producing few. However, for most marine pelagic fish species, the stock-recruitment relationship is generally weak, as high fecundity is combined with high and variable egg and larval mortality. Early life stages suffer highest mortality, subject to variability in water temperature, feeding conditions, and wind stress (Houde 1994; Cushing 1996) , suggesting that year-class strength is set generally by the time young fish have passed larval and early metamorphosed stages (Bradford 1992; Cushing 1996) . Accordingly, in most marine pelagic species, year-class strength can be estimated after young fish have passed these stages.
Herring (Clupea harengus L.) and sprat (Sprattus sprattus L.) are the dominant pelagic species in the Baltic Sea and are subjected to intensive fishing. Although the Baltic Sea is an open system and adult herring migrate extensively (e.g., Parmanne et al. 1994 ), a growth gradient from south to north reveals their sedentary nature within regions (Arrhenius and Hansson 1993) . Herring is fished mainly offshore but spawn in shallow coastal areas, predominantly in spring and early summer, all along the Swedish east coast. In late summer, the archipelago areas support dense populations of youngof-year herring (Rudstam et al. 1992; .
To predict recruitment of Baltic Sea herring shortly after spawning, we compared data on year-class strength (YCS) of age 2 herring with young-of-the-year herring densities (YOY) and herring spawning stock biomass (SSB, fish age Ն 3 yr). Because mild winters can positively affect yearclass strength (e.g., Brielmann 1989; Rajasilta et al. 1996; Laine et al. 1998) , we also included climate data (the North Atlantic Oscillation index, NAO) in our analysis.
Material and methods-Our data were derived from subdivision 27 (SD27, 26,700 km 2 ), a standard assessment area (1991) , and for later years from an ICES database (BAD1), adjusted for differences in coverage between years for compatibility. No samples were collected during 1993 or 1997. We used the number of age 2 herring as a measure of yearclass strength because they were sufficiently large to be caught in research trawls, still not seriously depleted by the fishery, and will enter the fishery the following year. SSB was calculated from fish age Ն 3 yr.
YOY densities were estimated from night hydroacoustic surveys in two bays, Hållsviken (NW from 58Њ50.05ЈN, 17Њ32.00ЈE) and Himmerfjärden (N from 58Њ56.00ЈN, 17Њ44.00ЈE), in the northern part of SD27 (Fig. 1) . Acoustic transects in these bays varied over time, but night hydroacoustic surveys in these bays are rather insensitive to transect location . Data on the surveys and echosounder settings are provided in and Rudstam et al. (1999) . The surveyed area of the bays taken together is about 37 km 2 , and the Aglen (1983) index for coverage varied between 3 and 6. When merging data from the two bays, they were weighted relative to the number of pings (acoustic signals) recorded in each area. Data were recorded with a 70-kHz single-beam echosounder (Simrad EY/M) in 1985-1996 and with a 70-kHz split-beam system (Simrad EY500) in 1997-2000, two systems that agree quite well (Rudstam et al. 1999) . Surveys were performed during mid-August through early September when young herring had metamorphosed and maximum densities were recorded (Rudstam et al. 1992; . By numbers, the pelagic fish community in this coastal area during this time of the year is by far dominated by YOY herring (Rudstam et al. 1988 (Rudstam et al. , 1992 Hansson and Rudstam 1995) . The YOY abundance data was estimated from echointegration values (integration threshold Ϫ80 dB) and the size distribution of single fish echoes ϾϪ60 dB (herring Ն30 mm, Rudstam et al. 1988) . We used the hydroacoustic abundance in the two bays as an index of coastal YOY density.
We hypothesized that climate would influence spawning and larval survival (e.g., Rajasilta et al. 1993; Cushing 1996) . A climate index (NAO, December-March) was derived from the Joint Institute for the Study of the Atmosphere and Ocean, as calculated by Hurrell (1995) .
In the statistical analyses, the independent variables (SSB, YOY, and NAO) were paired with the YCS 2 yr later because age 2 fish were used as a measure of YCS. Data are summarized in Table 1 .
Results and discussion-The three independent variables-SSB, YOY, and NAO-were uncorrelated (pairwise correlation p Ͼ 0.4), whereas each was correlated with YCS. YOY and YCS were most strongly related (adjusted R 2 ϭ 0.42, p Ͻ 0.02), whereas the corresponding values for NAO Fig. 2 . Relationship between observed and predicted year-class strength (YCS) of age 2 Baltic Sea herring in subdivision 27, a standard assessment area used by the International Council for the Exploration of the Sea (see Fig. 1 ). Predicted values are derived by using data on spawning stock biomass (fish Ն age 3, SSB), youngof-the-year densities (YOY), and climate (North Atlantic Oscillation index, NAO 2002). Data from 1985-2000. and SSB were 0.35 (p Ͻ 0.03) and 0.33 (p Ͻ 0.05), respectively. We then used multiple regression analyses to test all combinations of the three independent variables. To compare prediction errors, when contrasting equations with different numbers of parameters, we used the Bayesian Index Criterion (BIC) as described by Efron and Tibshirani (1993, see p. 242) . Our best correlation and prediction index occurred for a model with all three parameters YCS ϭ 480 ϫ NAO ϩ 1,002 ϫ YOY ϩ 9.78 ϫ SSB Ϫ 1,459
( 1) with adjusted R 2 ϭ 0.93 and p Ͻ 0.009 (Fig. 2) . The BIC index of this equation was Յ⅓ compared with other equations. Residuals were uncorrelated to independent variables. Standardized regression coefficients for the independent variables NAO, YOY, and SSB were 0.58, 0.47, and 0.36, respectively. SSB had the weakest correlation with YCS (lowest R 2 value and lowest standardized regression coefficient) but nevertheless strengthened the relationship described by Eq. 1; when SSB was added to YOY and NAO, adjusted R 2 increased from 0.78 to 0.93. Indeed, SSB might influence recruitment without being manifested in our local measures of YOY abundance. When SSB is large, herring distribution expands (Overholz 2002) and spawning might cover larger areas, or the young fish might disperse more widely in response to deteriorated feeding conditions in late summer (cf. Rudstam et al. 1992 for this study area). NAO influenced YCS with strong year classes following mild winters. Mild winters cause early spring warming and higher food availability in spring and early summer, factors important to fecundity (Rajasilta et al. 1993) and to larval herring growth and survival (Houde 1994; Cowan et al. 1996; Cushing 1996) . However, NAO and YOY were not significantly correlated. One possible explanation for the positive correlation between NAO and YCS could be that mild winters translate to earlier spawning (Rajasilta et al. 1993 (Rajasilta et al. , 1996 . If movement is size dependent, young fish might leave their nursery areas earlier in summer, causing our acoustic surveys (mid-August to early September) to underestimate young herring production.
YOY and YCS were strongly related (pairwise correlation adjusted R 2 ϭ 0.42) and with a slightly lower effect than NAO in the multiple regression (Eq. 1, standardized regression coefficient 0.47 and 0.58, respectively). Because data on YOY were collected after metamorphosis, our findings support Cushing's (1996) suggestion that year-class strength is set when fish have passed early metamorphosed stages. Given that YOY, in combination with NAO and SSB, can predict YCS, we can assess YCS 2 yr earlier than previously. Because herring in our study area are recruited to the fishery at age 3, this advanced year-class assessment might improve management substantially. At present, catch quotas for Baltic Sea herring are based on estimated abundance of age groups that either have recruited or are about to recruit to the fishable stock. Knowing year-class strength before herring are fished provides the manager with an opportunity to adjust fishing pressure per upcoming year classes, thus protecting small year classes and appropriately exploiting large ones. In addition, with these correlations, multiannual quotas, as recently requested by the European Commission (Anonymous 2001), will be easier to produce.
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